Abstract. For synthetic chemists and material scientists, XAFS analysis is typically used after promising samples have already been identified. This is not an inherent limitation of the technique, which can be applied in a crude fashion quite rapidly, but is rather an artifact of the separation of laboratory from synchrotron, and of the nature of the allocation of beam time. One way around these difficulties is to use automated chemical processors; preferably with identical machines at the home institution and at the beamline. This allows identical samples to be synthesized on demand in both locations, so that the characterization resources of the home institution's laboratory can be applied immediately to samples synthesized at the beamline. In addition, the processor can be run in a combinatorial mode, so that the XAFS of many possible synthesis results are examined in a short time. Finally, spectra possessing features of interest can be identified by software, and those syntheses singled out for further study.
INTRODUCTION
For synthetic chemists and materials scientists, XAFS is an excellent technique for characterizing samples in the later stages of the development cycle; that is, once they have already been shown to have promise by laboratory techniques that do not require synchrotron time. On the other hand, it is not generally seen as a suitable screening technique to quickly separate promising protocols from those of little interest. This is attributable to the physical separation between synthesis laboratory and synchrotron light source, rather than any inherent limitation in the technique. It is quite possible, for example, for a researcher to be able to determine within five minutes of beginning data collection that a sample nominally consisting of metallic nanoparticles is actually fully oxidized. At one time or other, many of us have had the experience of arriving at a synchrotron only to find that most or all of our samples are not worth pursuing. With typical beam time allocation schemes, this can set a project back by months.
If, on the other hand, it were possible to synthesize the samples as needed at the synchrotron, this problem could be avoided, as adjustments to the synthesis protocol could be made "on the fly."
BRINGING THE LABORATORY TO THE SYNCHROTRON
For a typical time allocation of two to ten days at a stretch, the prospect of performing synthesis at a synchrotron can be daunting. Environmental, safety, and health (ESH) concerns, which can be addressed at the start of a project at a home institution, must be considered anew for every synchrotron user. Some synchrotrons are now providing nearby facilities for on-site synthesis, such as the Center for Functional Nanomaterials (CFN) now under construction across the street from the National Synchrotron Light Source. But this raises questions of reproducibility-what if a synthesis performed at the CFN yields different results when tried later at the home institution? It is difficult under such circumstances to identify which of several differences in equipment or environment may have been responsible.
One solution to these difficulties is to use an automated chemical processor, such as the Argonaut Surveyor™ ( Fig. 1 ). Since the processor is selfcontained and computer-controlled, there should be perfect reproducibility between laboratory and synchrotron. These traits also allow ESH concerns to be fully explored before arrival at the synchrotron. To explore the feasibility of using a chemical processor in this way, we have repeatedly transported an Argonaut Surveyor™ between the Naval Research Laboratories in Washington, DC and the National Synchrotron Light Source (NSLS) in Upton, New York. While heavy and bulky, it was possible to move the device by van; we have described its successful use in a time-resolved mode elsewhere [1] . Fig. 2 shows the components of the system as it has been used on beamline X23B at the NSLS.
In the future, the need to transport the device back and forth will be eliminated by the purchase of a second identical device. One will remain at the home laboratory (now Virginia Commonwealth University), while the other is stationed at the NSLS. In this way, it is possible to effectively make the beamline an extension of the laboratory.
A typical scenario will work like this: a synthetic chemist uses the chemical processor to synthesize a set of novel magnetic nanoparticles. Preliminary characterization is done in the lab, including magnetic characterization (e.g. SQUID, VSM) by a specialist in that area. The samples are brought to the beamline by a XAFS specialist, who finds that they are not what was expected (e.g. they may be oxidized). The chemist then quickly attempts modifications of the synthetic protocol in the home institution laboratory. If they are promising (as verified by the magnetic specialist, also in the home laboratory), the XAFS specialist can use the second chemical processor to perform the identical protocol at the beamline. By allowing identical syntheses to be conducted in two widely-separated locations simultaneously, this procedure avoids the need for extensive characterization equipment at or near the beamline (microscopy, FTIR, XRD, SQUID, VSM, DLS, etc.) as well as the need to bring personnel to the beamline who are not directly related to data collection. 
COMBINATORIAL CHEMISTRY
The mode described above represents a compression of the usual XAFS cycle (synthesize characterize by XAFS revise synthesis recharacterize) often seen in synthetic chemistry and materials science. While the length of the cycle is reduced from months to days, the essential pattern is unchanged. A chemical processor such as the Surveyor™, however, also allows a fundamentally different paradigm to be employed: that of combinatorial chemistry [2] .
The Argonaut Surveyor™ includes ten 25-mL Teflon reaction vessels, the temperature of each of which can be set from -80 to 150°C, as well as nine bottles which can deliver reagents or solvents to the reaction vessels. A robotic arm can transfer precise (as little as 5 μ L) quantities of reagents from one vessel to another, or deliver solutions to the flow cell for measurement. Since all aspects of the process are under computer control, arbitrarily complex routines can be executed. For reactions that are air or water sensitive, all steps, including transfers, can be done under an inert atmosphere.
As an example of a synthesis that could be investigated by combinatorial chemistry, consider the creation of core-shell iron nanoparticles using a reverse micellar method. In a previously published study [3] , variables included the counterion used to introduce the iron into solution, the metal used to passivate the iron, and the surfactant and organic solvent used to create the reverse micelle. Additional variables which are of interest include the relative amounts of the reagents, the temperature at which the reaction is conducted, and the time between steps of the synthesis. All of these variables could be investigated using an Argonaut Surveyor™ controlled by a single program. Considering the quantities of reagents which can be stored in the Surveyor™ and the small amount needed to collect a spectrum, hundreds of combinations could be attempted before it would be necessary to refill the processor.
AUTOMATING PRELIMINARY ANALYSIS
The combinatorial mode invites additional automation. In many cases, it is feasible to automate the recognition of potentially interesting samples. Continuing with the example in the paragraph above, failed passivation leads to complete oxidation of the metallic iron core, while successful syntheses show a mixture of fully-reduced iron and iron oxide.
Comparison to standards shows that the first peak in the derivative spectrum, which can be thought of as due to the dipole-forbidden 1s 3d transition, is much more prominent in metallic samples than the oxidized one (Fig. 3) . It would not be difficult to have software identify this peak (found in the range 7110-7116 eV) and compare it to the broad multiple peak found in the range 7116-7135 eV. If the ratio exceeded some threshold, then the sample would be flagged as of potential interest. In one scenario, the processor could be programmed to take XANES spectra of samples prepared by many different protocols. Then, once the software has identified samples of potential interest, the processor could repeat the favorable syntheses and collect more detailed EXAFS spectra for later analysis.
It is important to emphasize that this is not a proposal for a "black box" system. Researchers must have enough familiarity with the chemical system and the spectral characteristics to create software which can distinguish between interesting and uninteresting results. Then, when the system has collected potentially interesting spectra, they can be analyzed by traditional methods. In other words, this system does not substitute for scientists in XAFS analysis, but does allow these researchers to spend a greater proportion of their time investigating the most important systems. 
